Introduction
This study provides important insights on how the degree of progressivity of the U.S.
Federal Income Tax has changed over time. It builds upon existing theoretical studies which focused on alternative approaches to measuring tax progressivity. Defining Average Tax Rate as the ratio of taxes paid to income, a progressive tax is one for which Average Tax Rate increases as income increases. As noted by Kiefer (2005) , while there is general agreement on this definition of progressivity, there is no such consensus regarding how to measure the degree of progressivity. For example, consider the U.S. Federal Income Tax. From an inspection of either Marginal Tax Rates or the resulting Average Tax Rates of different segments of taxpayers, this tax has clearly always been a progressive tax. However, it is not immediately clear when this tax was "most progressive." Kiefer (2005) provides a concise and informative summary of the varied approaches used to quantify the degree of progressivity of a tax. The focus of the present study is broadly on indices which Kiefer termed "distributional" indices, the value of which depends upon both the tax structure and the distribution of income over the population being taxed.
2 More specifically, the current focus is on distributional indices defined in terms of "concentration curves" (such as the well known Lorenz Curve). The first widely used progressivity measure of this type was the index of "effective progression" developed by Musgrave and Thin (1948) , defined as a function of the pre-tax and post-tax values of the Gini-Coefficient (thus, the dependence of the measure on the pre-tax and post-tax Lorenz Curves is self evident).
Subsequently, several tax progressivity indices defined in terms of the relation between an "income concentration curve" (of which the Lorenz Curve is an example) and a "tax concentration curve" were developed by Kakwani (1977b) , Suits (1977) , and Stroup (2005) . Mathews (2012) fully characterizes the relationships between these different measures and develops a fourth previously undefined, closely related index. In Section 2, a brief overview of the definitions of these "distributional" progressivity indices (defined in terms of "income concentration and tax concentration curves") is provided and the precise relations between the measures noted by Mathews (2012) are briefly reviewed. 2 In contrast, the value of a "structural" index depends upon the tax structure, but not on the distribution of income. Musgrave and Thin (1948) discuss common structural measures such as "average rate progression," "marginal rate progression," "liability progression," and "residual income progression."
for the U. 1968 , 1969 , and 1970 Suits (1977) When determining such numerical values, in practice it is necessary to define (either explicitly or implicitly) the population over which the index values are to be computed.
Should the "income concentration curves" and "tax concentration curves" be constructed (and therefore the index values computed) over "all adults in society" or over "all taxpayers"? If only a relatively small fraction of the population pays the tax, then dramatically different numerical values could result from focusing on "all adults in society" versus "all taxpayers." When attempting to gain insights over time, this issue is of particular concern if there is a drastic change in the fraction of the population subject to the tax (which has indeed been the case for the U.S. Federal Income Tax since 1929). In previous studies, index values were obtained focusing on the population of "all taxpayers," whereas in the present study index values are computed for both the population of "all taxpayers" and "all adults in society." Our primary aim is to determine how the degree of progressivity of the U.S. Federal Income Tax (over the entire adult population) has changed over the past century. By first obtaining values computed over only "taxpayers," we illustrate how such an approach understates the actual degree of progressivity for society as a whole.
Both Stroup (2005) and Mathews (2012) Further, before this shift in the early 1940's, the U.S. Federal Income Tax was significantly more progressive than it is today. These changes are discussed in much greater detail within Section 3. Section 4 briefly concludes.
Income/Tax Concentration Based Indices
This section provides a brief overview of the four "distributional" progressivity indices based upon "income concentration" and "tax concentration" curves, previously developed by Kakwani (1977b) , Suits (1977) , Stroup (2005) , and Mathews (2012) . By slightly adapting terminology developed by Kakwani (1977a) , these functions can be easily described. When plotted with p on the horizontal axis, x(p) is the "income concentration curve with respect to population" (i.e., the Lorenz Curve) and w(p) is the "tax concentration curve with respect to population." Likewise, with g on the horizontal axis, y(g) is the "tax concentration curve with respect to income" and z(g) is the "population concentration curve with respect to income." 5 Conceptually, the "population concentration curve with respect to population" and the "income concentration curve with respect to income" are each a 45
For a progressive tax: w(p) < x(p) for all p ∈ (0, 1); and y(g) < g for all g ∈ (0, 1).
Figures 1 and 2 illustrate these four curves. Within Figure 1 : A is the area between the 3 Two such measures of this type were also developed by Khetan and Poddar (1976) , but as noted in Mathews (2012) , the two measures of Khetan and Poddar can be expressed as monotonic transformations of the measures developed by Suits (1977) and Stroup (2005) 4 The overall presentation in this section draws heavily upon the discussion in Mathews (2012) . 5 If Kakwani's original terminology were used, x(p) would be the "concentration curve of income," w(p)
would be the "concentration curve of taxes," y(g) would be the "relative concentration curve of taxes with respect to income," and z(g) would be the "relative concentration curve of population with respect to income." When defining each progressivity index, the variable with respect to which a concentration curve is drawn is of critical importance. To avoid confusion the terminology adopted here explicitly states both variables underlying the construction of each curve. Note, when constructing each curve, successively larger fractions of the population are always included based upon levels of income.
"population concentration curve with respect to population" and the "income concentration curve with respect to population"; B is the area between the "income concentration curve with respect to population" and the "tax concentration curve with respect to population"; and C is the area below the "tax concentration curve with respect to population." In Figure 2 : D is the area between the "income concentration curve with respect to income"
and the "tax concentration curve with respect to income"; E is the area below the "tax concentration curve with respect to income"; and F is the area below the "population concentration curve with respect to income" and the "income concentration curve with respect to income."
The measures of Kakwani (1977b) , Suits (1977) , Stroup (2005) , and Mathews (2012) are defined in terms of these areas: Kakwani's measure is K = B A+B+C (the ratio of the "area between the income concentration curve with respect to population and the tax concentration curve with respect to population" to the "entire area below the population concentration curve with respect to population"); Suits' measure is S = D D+E (the ratio of the "area between the income concentration curve with respect to income and the tax concentration curve with respect to income" to the "entire area below the income concentration curve with respect to income"); Stroup's measure is St = B B+C (the ratio of the "area between the income concentration curve with respect to population and the tax concentration curve with respect to population" to the "entire area below the income concentration curve with respect to population"); and Mathews' measure is M = D D+E+F (the ratio of the "area between the income concentration curve with respect to income and the tax concentration curve with respect to income" to the "entire area below the population concentration curve with respect to income").
As fully described in Mathews (2012) , these four indices are closely related to one another. Table 1 summarizes the relationships between these measures. Each index is fundamentally a ratio in which the antecedent (or first term in the ratio) is the weighted difference between cumulative fraction of income and cumulative fraction of taxes paid (x(p)−w(p)) to a similarly weighted consequent (or second term in the ratio). Two different approaches are taken regarding the choice of the consequent: S and St each focus on the ratio of the weighted value of this difference (i.e., x(p) − w(p)) to a similarly weighted value of cumulative fraction of income over the population (i.e., x(p)), while K and M focus on the ratio of the weighted value of this difference (i.e., x(p) − w(p)) to a similarly weighted value of population (i.e., p). Further, two different approaches are taken regarding how to weight each term in this ratio: K and St are constructed by placing equal weight on each segment of the population, while M and S are constructed by weighting each segment of the population according to that segment's marginal contribution to cumulative fraction of income (i.e., x (p)).
All four indices exhibit several common properties, allowing for similar interpretations.
For example, under a proportional tax w(p) = x(p) and y(g) = g, so that B = D = 0. As a result, the value of each index is zero. In contrast, for a progressive tax w(p) < x(p) and y(g) < g, so that B > 0 and D > 0. This makes the value of each index strictly positive.
Further, for each index, a larger value indicates more progressive taxation. Fixing the distribution of income, K and St increase if and only if B increases, while S and M increase if and only if D increases.
6 An increase in B or D is consistent with the gap between cumulative fraction of income earned and cumulative fraction of taxes paid becoming larger, which intuitively accords with taxation that is more progressive. For example (with the distribution of income fixed), consider a change in tax structure which does not alter the total amount of tax revenue generated, but results in a reduction of total tax dollars paid by some arbitrarily chosen group of taxpayers and an increase in total tax dollars paid by taxpayers with higher incomes (relative to the initial group of taxpayers). Intuitively, this change clearly makes the tax structure more progressive. Since the distribution of income is unaltered, this change does not have any impact on x(p) or z(g), but does lead to a decrease in both w(p) and y(g) (weakly over the entire range of p or g; strictly over the upper range of p or g). Further, both B and D increase, while A, B + C, D + E, and F each remain constant. This leads to an increase in the value of each index.
Numerical Values of Indices
Focusing on the U.S. Federal Income Tax, numerical values for K, S, St, and M have been determined for every year between 1929 and 2009. To obtain these index values, it was necessary to construct a "tax concentration curve with respect to population" (w(p)),
an "income concentration curve with respect to population" (x(p)), a "tax concentration curve with respect to income" (y(g)), and a "population concentration curve with respect to income" (z(g)) for each year.
The bulk of the data used to construct these curves was obtained from the Internal 6 In practice, the distribution of income also changes over time, so that two measures may possibly move in opposite directions from one time period to the next. For example, when focusing on K and S, Formby, Seaks, and Smith (1981) noted how "inconsistent rankings can emerge when the distribution of pre-tax income is not fixed," an observation illustrated by their empirical finding that "in three instances K and S move in opposite directions," prompting them to state "the Suits and Kakwani indices, although identical in intent, are fundamentally different measures of tax progression" (pp. 1018-1019).
contains data summarizing the number of tax returns filed, the amount of income represented on the filed tax returns, and the amount of taxes paid (broken down by income levels of taxpayers). For example, the data summarized in Table 3 on Pages 70-71 of the "Statistics of Income for 1933" show that in this year a total of 3,723,558 returns were filed, and that the people filing these returns had a combined net income of $11,008,637,754 and had to pay a total of $374,120,469 in Federal Income Taxes.
8 As an example of how this data is further broken down by taxpayer income levels, Table 3 of the "Statistics of Income for 1933" reveals that in this year people with net incomes of $2,000 or less collectively filed a total of 1,878,393 returns, had a combined net income of $2,358,075,653, and had a combined tax obligation of $10,441,862.
When constructing concentration curves, it is necessary to define (explicitly or implicitly) the population over which the index values are to be determined. If the population of interest is simply those people filing tax returns, then the curves and index values can be determined from solely the data available in the "Statistics of Income" reports. This is the approach taken previously by Kakwani (1977b) , Suits (1977) , Stroup (2005) , and Mathews when attempting to gain insight on how the degree of progressivity has changed over time.
To determine the extent to which such concerns are potentially an issue and to ultimately be able to construct index values which measure progressivity over the entire adult population, additional data was acquired. tax returns was determined in each year, and the percentage of all adults represented on a filed tax return was determined in each year. From Table 2 , we see that, over time, the value of this figure has changed dramatically (see the column labeled "Percentage of Adults on Returns" in Table 2 ): before 1937, less than 10% of all adults were represented on a filed tax return, whereas the corresponding figure has been over 75% since 1945.
11 If our aim is to accurately determine how the degree of tax progressivity has changed over this entire time period, we cannot focus solely on individuals filing tax returns (since such a comparison between years in which there was a significant difference in the fraction of adults represented on tax returns could potentially be misleading).
Following an approach first used by Suits (1977) Even though the ultimate goal is to gain insight on the degree of progressivity over the entire adult population, we start by constructing each relevant curve and determining each index value focusing only on individuals filing tax returns (i.e., without using the data from the Bureau of Economic Analysis and U.S. Census Bureau to include those individuals not represented on filed tax returns). By first obtaining these results, we can ultimately gain insight into how the degree of progressivity over the entire adult population would be understated if we did not account for the fact that the population of adults filing tax returns is not the same as the entire adult population. The numerical index values from this analysis are reported in Table 3 and plotted over time in Figure 3 .
From the values in Table 3 Consistent with previous studies, over the course of the last several decades there does appear to be a trend toward taxation outcomes becoming more progressive. The numerical values reported in Table 3 (along with a Table 4 and plotted in Figure 4 .
Note that each value in Table 4 is indeed greater than the corresponding value in Table 3 .
This illustrates how the degree of progressivity over the entire population is understated if attention is restricted to individuals filing tax returns. However, even though the results in Table 3 understate the true degree of progressivity, many insights similar to those acquired from the results in Table 3 emerge from an inspection of the results in Table 4 . For example, from the results in Table 4 Table 4 , we see that S, K, and M have each realized a value greater than their respective median in every single year from 2001 onward, while St has realized a value above its median in every single year from 1991 onward.
However, taxation outcomes in recent years are clearly not the most progressive outcomes over the entire history of the U.S. Federal Income Tax. As revealed by the results in both Table 3 and Table 4 (and dramatically illustrated in both Figure 3 and Figure 4 ), taxation was much more progressive in every year before 1942 than at any time since.
12
Perhaps most illuminating from Table 4 The extreme degree of progressivity prior to the 1940's is further illustrated by noting that the maximum possible value of each index (by construction) is a value of one.
13
Between 1929 and 1939, both St and S realized values relatively close to this maximum 12 On some level this result is to be expected, since the percentage of adults represented on filed tax returns was drastically lower before this year than after this year (as summarized in Table 2 ). 13 As fully described in Mathews (2012) , when altering the tax burden over different segments of society, both St and S can each achieve this maximum value of one for any fixed distribution of income. In contrast, "variation in the distribution of societal income...places upper limits on both M and K that are strictly less than 1" (pp. 8).
possible value of one in each year -over this time period the value of St was greater than or equal to .98480 and the value of S was greater than or equal to .90970 in each year.
Finally, the values in Table 4 reveal the great extent to which the degree of progressivity of this tax has varied over time. The largest reported value: of St is roughly 2.2953 times greater than its smallest reported value; of S is roughly 2.9521 times greater than its smallest reported value; of K is roughly 3.0798 times greater than its smallest reported value; and of M is roughly 3.4530 times greater than its smallest reported value.
Summary and Conclusions
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